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As  pnrt  of  the  pro£xor.i  for  invcctignting  the  applicability 
of  electrometric  tcohnica  to  the  study  of  reaction  kinetics,  the 
one  conracrcially  availaVile  hl^  frequency  oscillator  circuit, 
the  Sargent  hodel  V Oacillonetor,  has  been  used  to  follow  the 
conversion  by  iiydroxide  ion  of  the  nominal  form  of  nit ro paraffins 
to  the  aci  form.  The  compounds  v/ere  studied  in  aqueous  solution 
at  25*  in  r.iillimolej?  concentration  of  sodium  hydroxide  and  five- 
or  ten-fold  that  concentration  of  nitroparaffin;  the  half-lives 
varied  from  0.3  to  S,5  minutes,  in  vrhich  range  the  progress  of 
the  reaction  could  be  fcllov;ed  by  manual  adjustment  of  the  high 
frequency  oscillator*  The  latter  is  a five-megacycle  capacitive 
retune  circuit. 

The  rates  of  noutralizaticn  of  the  six  lov;er  primary  and 
secondary  nitroparafflns  studied  decrease  in  the  follot-ri-ng  order; 
nitromcthanc , nitroethane,  1-nit ro propane,  1-nitrobutane,  2- 
nitro propane  and  ^-nitrobutane.  The  values  of  the  second  order 
reaction  rate  constants  are  in  agreement  with  those  found  for  the 
three  lower  nitroparafflns  in  nonbuffered  solution  at  0*  and  5* 
by  lOOO-cycle  conductivity  measurements.  Qualitatively,  the 
present  results  or.;  in  agreement  with  those  found  for  the  foiir 
to  nitroparafflns  by  polarographic  measiirement  at  25*  in 
buffered  solution,  although  tho  ratio  of  pseudo  first  oirder  rate 
constants  differ. 


APPLic/.Tioi;  cr  HIGH  fr2qi'l>i;cy  oscillators. 

R/vTLS  OF  i-OUTilALIZATlCH  (I.'ITRO-ACI 
GOHVTRSIOH)  OF  liriUOPARAFI’ INS 

Philip  J,  Living  and  Julian  Lakritz 
University  of  Ilichigan,  Ann  Arbor,  Michigan 

One  of  the  objectives  of  OHR  Project  Mo.  NR  O5I-3I8  is  the 
investigation  of  the  applicability  of  high  frequency  (megacycle 
range)  oscillator  circuits  to  the  measurement  of  reaction  rates. 
The  general  problem  of  the  applicability  of  such  experimental 
arrangements  to  reaction  rate  neasixretnent  was  discussed  in  Tech- 
nical Report  No.  3 of  the  project,  \tfhlch  report  ivill  be  published 
in  a forthcoming  volume  on  the  1954  Faraday  Society  Discussion  on 
rapid  reaction  rates  {Z)»  Studies  involving  one  typical  example 
of  the  necessary  instrmentation  and  the  measurement  of  the  rates 
of  hydrolysis  of  the  lower  aliphatic  esters  and  of  the  esters  of 
the  three  chloroacetic  acids  have  been  described  in  Technical 
Reports  Nos.  11,  12  and  13  of  the  antecedent  Project,  NR  055*211, 
which  studies  have  been  published  (^}  • 

The  general  applicability  of  high  frequency  oscillators  to 
organic  chemistry  was  summcirized  in  Technical  Report  No.  5 of 
Project  No.  NR  055-211,  \diich  was  published  as  part  of  the  report 
on  a discussion  of  such  oscillators  (!)•  A consideration  of  the 
use  of  such  oscillators  in  organic  analysis  is  now  in  preparation. 
Current  vrark  on  megacycle  frequency  oscillators  is  indicated  in 
the  quarterly  Status  Reports  prepared  on  Project  No.  NR  051-31S. 

One  of  the  ^eciflc  aims  in  the  objective  cited  at  the  begin- 
ning of  this  report  is  the  possible  utilization  of  commercially 
available  megacycle  frequency  oscillators  in  rate  measurement. 


Investigation  of  su.ch  oabilitjf  is  hxghly  desirable  if  organic 

and  physical  chemists  are  to  avail  themselves  of  high  frequency 
oscillator  circuits.  The  need  of  constructing  one’s  o\vn  equipment 
would  undoubtedly  serve  as  a.  deterrent  for  many  people  to  the  use 
of  megacycle  oscillators  in  at  least  some  of  the  situations  where 
such  measuring  devices  could  ba  of  service.  At  present,  the  only 
commercially  available  suitable  instrument  is  the  Hodel  V Oscillo- 
meter manufactured  by  E.  H.  Sargent  and  Co.;  Beckman  Instruments, 
Inc.,  apparently  does  not  intend  to  put  on  the  market  at  present 
the  hi^  frequency  titititor  v;hich  has  been  in  development  for  a 
number  of  years.  An  Eastern  apparatus  company  and  supply  house 
expects  to  put  on  the  market  in  December,  1954,  an  oscillator  vdiich 
it  has  had  in  d evelopment. 

The  present  report  describes  the  application  of  the  Sargent 
Model  V Oscillometer  to  follovfing  the  conversion  of  nit ro paraffins 
to  the  aci  form.  The  rates  under  the  experimental  conditions  used 
were  such  that  the  course  of  reaction  could  be  followed  by  manueJ. 
operation  of  the  measuring  apparatus.  It  is  unfortunate  that  a 
mechanical  defect  in  the  instruiacnt  caused  tlie  results  to  have  less 
than  the  maximum  precision  possible;  the  final  results,  though, 
seem  satisfactox*y* 

The  present  work  shov/s  that  investigations  of  certain  types 
of  ionic  reactions  whose  half-lives  are  of  the  order  of  20  seconds 
or  longer  can  be  carried  out  by  means  of  the  Sargent  Ilodel  V 
Oscillometer  without  the  use  of  recording  devices. 

In  the  present  report  certain  items,  e.g.,  the  Oscillometer 
itself  and  the  conversion  of  experimental  measurements  to  kineti- 
caliy  useful  data,  have  been  treated  in  greater  detail  than  they 


would  be  in  a paper  aubultteci  for  journal  publication.  It  is 
planned  to  abstract  from  this  rapoirt  a suitable  scientific  paper. 

KEUTRALIZATIOIJ  OF  KITROPAHAFFINS 

The  primary  and  secondary  nitroparaffins  have  long  been 
classified  as  pseudo  acids  on  the  basis  of  their  relatively  slow 
reaction  in  alkaline  solution  to  form  anions  vdiich  are  usually 
called  the  aci  forms  of  the  nitroparaffins; 

Rj^R2CH!;02  + OH*  - a3^R2GI102“  + H2O  (1) 

The  reaction  is  generally  considered  as  a neutralization;  the 
mechanism  of  the  reaction  is  discussed  in  references  2 
The  rates  of  conversion  of  the  normal  to  the  aci  f orms  have  been 
investigated  for  the  lower  nitroparaffins: under  a variety  of 
conditions. 

I-laron  and  Laller  il)  used  1000-cycle  frequency  conductivity 
measurements  to  fellow  the  neutralisf tlon  at  0*  and  5*  C.  of 
0.003  to  0.040  n solutions  of  nitronethane , nitroethane  and  2-nitro- 
propanc  in  water  and  in  deuterium  oxide  to  which  an  equivalent 
quantity  of  barium  hydroxide  or  dcuteroxide  was  added.  The  res- 
triction to  low  temperatures  was  necessitated  by  the  speed  of  the 
reaction  ax.  the  concentrations  eriployed.  These  investigators 
thoroughly  reviev/ed  previous  v/oric*  Subsequently,  Pearson  (2) 
studied  by  a similar  oonductonii:tric  teciinique  the  rates  of  neu- 
tralization of  nitroethane  by  am;..ori5.a  ,•  nd  mcthylamines  at  0*  and 
5*  • Turnbull  and  Ilaron  usxiig  potentior&tric  measurements, 

determined  the  ionization  constants  of  the  n^rreval  and  aci  forms  of 
nitromethane , nitroethane  and  2-nitropropane.  Hiller,  Arnold  and 
Astle  (6)  studied  polarographically  the  neutralization  at  25*  of 


nitromethane,  nitroetl  ane,  and  1~  t’nci  2-nit ro propane  by  f“ollo\'fing 
the  conversion  of  the  reducibls  norr.al  fom  to  the  polarographi- 
cally  non-reducibl j aci  forn:  these  '.rorlccrs  viped  buffered  solutions 
v/hich  were  1 r.'.ill iriolar  in  nitroparaffin. 

It  was,  as  previously  indicated,  the  goal  of  the  present  in- 
vestigation to  atter;pt  to  ext  ad  the  use  of  high  frequency  oscilla- 
tors to  the  study  of  the  kinetics  of  the  neutralization  of  nitro- 
paraffins  by  aieans  of  the  on-.>  corviercially  available  instrument, 
the  Sargent  Model  V Oscilloneter,  Such  an  investigation  is  possible 
because  of  the  large  change  in  the  conductivity  of  the  solution 
as  the  reaction  of  equation  (1)  takes  place,  and  hydroxide  ion  is 
replaced  by  the  anion  representing  the  aci  form  of  the  nitroparaffin* 
If  -w-e  assume  that  equivalent  conductances  do  not  change  over  the 
range  of  icnic  concentrations  cncoxmtered  in  an  experiment  {as  was 
assumed  uy  Pearson  aiid  others  for  higher  concentrations  than  those 
used  in  the  present  studies),  the  changes  in  the  reaction  repre- 
sented by  equation  (1)  can  be  X'/ritten  in  terms  of  measured  items 
which  arc  linear  functions  of  corductancs© 

Specifically,  the  present  investigation  covers  reaction  rate 
studies  on  the  neutrclisatior  cf  six  Cj^  to  nitroparaf f ins ; the 

rates  decrease  in  the  following  order:  nitromethane,  nitroethane, 

1- nitropropanc,  1-nltrobut ane,  2-nltroproppne  and  2-nitrobutano* 

This  is  in  accord  with  the  findings  of  Hiller,  Arnold  and  Astle 
(6)  who  follov;ed  the  similar  reaction  of  the  four  loiter  nitro- 
paraf fins  in  buffered  solutions*  The  data  for  nitroethane  and 

2- nitropropane  is  in  good  agreement  v.-ith  that  of  liaron  and  LaT-Ier 


5- 


EXPHRUENTAL 

Chemicala.  The  six  nitro  compounds  studied  had  a purity 

of  at  least  99*9^j  as  detcrr.iined  mass  spectrometrically  (see  Table 
I),  and  were  furnished  by  Dr«  John  A.  Riddick  of  the  Comaercial 
Solvents  Corporation.  Solutions  of  0.01  M nitroparaffin  vrerc  pre- 
pared by  ueighing  out  the  relatively  volatile  liquid  from  a modified 
medicine  dropper.  To  ninimise  further  any  loss  due  to  evaporation, 
the  mouth  of  the  volumetric  flask  ^ras  covered  v;ith  a sheet  of 
glassine  pouder  paper  which  v;as  perforated  to  admit  the  tip  of 
the  dropper.  The  flask  was  then  filled  to  the  mark  with  carbon 
dioxide-free  disbilled  water,  prepared  by  boiling  distilled  water 
for  10  minutes  and  allov/ing  it  to  cool  to  room  temperature  in  a 
capped  bottle.  The  0.01  M sodium  hydroxide  solution  was  prepared 
from  a saturated  rodiuia  hydroxide  solution  v/hich  was  diluted  v;ith 
carbon  dioxide-free  water  to  the  desired  concent i*at ion.  The  alka- 
line solution  v/as  then  standardized  against  reagent  grade  potassixim 
hydrogen  phthalate  and  was  stored  in  a polyethylene  bottle. 

Oscillator . The  high  frequency  oscillator  used  in  these  ex- 
periraoits  was  the  Sargent  Ilodel  V Oscillometer  wiiich  operates  at 
a frequency  of  about  5 megacycles.  Unfortunately,  the  specific 
instrument  used  had  a certain  instability  in  the  povxer  supply; 
the  cause  vias  not  discovered  until  the  work  was  corapleted;  sys- 
tematic drifts  varying  in  direction  of  approximately  1 unit  per 
minute  \7ero  present.  It  is  estimated  that  these  drifts  were 
responsible  for  a probable  measurement  error  of  about  3 per  cent. 

The  instrument  is  of  tlie  capacitive  retune  type,  i.e.,  the  sample 
cell  is  in  parallel  with  calibrated  condensers  in  the  five-mega- 
cycle resonant  circuit.  A ciiange  in  the  sample  composition  produces 
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a change  in  the  froquc-ncy  cf  the  c?l/.'cuit;  the  latter  can  be  restored 
to  the  resonant  frequency  by  adding  or  removing  capacitance  with 
the  calibrated  condensers* 

Basically,  the  circuit  consists  of  a series  arrangement  of  a 
stable  cathode  coupled  oscillator,  an  amplifier,  a discriminator 
and  a vacuum  tube  voltmeter  (VTVI-l)*  The  amplifier  seirves  to  isolate 
the  oscillator,  ac  v;oll  as  to  aupli-fy  and  limit  the  input  voltage 
tc  the  discriminator.  The  discriminator  is  insensitive  to  ampli- 
tude changes  of  the  signal  voltage  vdiich  it  feeds  to  the  Vl’YII  cir- 
cuit; the  latter  5.solafces  the  galvanometer  from  the  discriminator* 

A regulated  pov;cr  supply  is  part  of  t-he  instrument* 

The  capacitance-measuring  array  consist .s  of  a variable  con- 
denser and  a series  of  fixed  condensers,  giving  a range  of  thirty- 
two  thousand  scale  units*  The  sensitivity  of  the  instinment  is 
about  one  scale  unit  vdiich  corresponds  to  a change  of  approximately 
0,005  mmf* 

The  basis  v/hereby  such  a capacitance-Koasuring  instrument  can 
be  used  to  measure  conductance,  o apricitance  or  a cemoosite  of  both 
effects  is  indicated  in  reference  2, 

The  capacitanc;'  calls  t\scd  v;oro  of  the  large  size  "titration" 
type  furnished  by  the  Sargent  Company  and  hod  a capacity  of  about 
160  ml.  The  cell  is  basically  an  annular  space  between  two 
coaxial  metallic  cylinders  viJiich  are  sealed  to  glass  cylinders; 
the  dielectric  in  t he  space  consists  of  the  s^ir.iple  and  of  the  two 
cylindrical  glass  ;;alls  beti^esn  the  plates  and  sample*  Electriccil 
connection  between  the  coll  plates  and  cell-holder  is  by  means 
of  spring  contacts. 


A deta-iIo-5  ; iccWonica?.  c.  J -lal  .re^jcription  oi'  the  instiru- 

ment  and  Its  cells  is  cLwon  in  a publication  of  the  Sargent  Company 

(C). 

Constant  Tcmpgratiire  /ngonent « The  cell  and  cell-holder 

were  maintained  at  a t oriperatvire  of  Sp.OiO.Z^C,  by  placing  them  in 

1^‘iguro  1)*  The  bath 

a constant  temporature  air  bath/t^as  a hollov/  cylindricsil  vessel 
v/hich  v/ac  open  at  the  top;  a circular  opening  near  tiio  base  pemit- 
ted  the  insertion  of  the  coaxial  cable  vrhich  connectea  the  cell  and, 
cell-holder  to  the  Oscillometer.  Tha  top  of  the  air  bath  was  covered 
v/ith  a cii’cr.lar  disk  of  polyatyronc  foan;  the  opening  around  the 
coaxial  cable  v/as  pliigged  with  glass  v;col.  '.’ater  from  an  extomal 
constant  tampe-rature  bath,  naintainad  at  25«0t0.1*C.,  was  circulated 
through  the  air  bath. 

Apparatus  Correction.  It  vras  noticed  that  when  certain  fixed 
condensers  v/ers  removed  from  the  uoas’iring  cii'cuit  in  the  course  of 
taking  readings  that  there  v/as  a sharp  discontinuity  in  the  plot 
of  the  instinmont  reading,  vs.  tine.  A corrective  factor,  esti- 
mated from  til  is  graph,  was  added  to  all  readings  which  followed  the 
break  in  the  curve.  This  related  all  values  to  the  same  standard. 
Justification  for  such  action  can  be  found  in  the  fact  that  all  data 
collected  in  the  region  involving  the  sane  set  of  fixed  condensers 
required  ap  iroxinately  the  same  correction  at  tho  point  of  discon- 
tinuity. Very  precise  calibration  v;as  impossible  because  of  an 
inherent  drift  in  the  instrument  vriiich  resulted  from  the  fault  in 
the  pc’wer  supply  previously  mentioned. 

Procedure.  Before  the  actual  samples  viere  run,  it  was  necessary 
to  determine  ever  ifhat  range  of  concentration  the  instrument  reading 
was  a linear  function  of  concentration.  Dilution  experiments 


Indicated  the  latter  to  be  true  as  lonr  as  the  sodium  hydroxide 
concentration  did  not  exceed  0.001  il. 

In  an  actual  experiment,  100  ml  of  0.0^  11  nitroparaffin  solu- 
tion was  pipetted  into  a 125-ml.  Srlenmeyer  flask  \4iich  v^as  stoppered 
and  suspended  in  the  constant  temperature  bath  (25.0i0,l*C. ) for 
15  minutes  in  order  to  roach  temperature  equilibrium.  This  solution 
was  then  nixed  with  10  ml.  of  0.01  H base.  To  insure  adequate 
nixing,  the  resulting  solution  was  poured  tv;ice  between  the  vessels. 

A clock  v/as  started  the  instant  the  nitro  compound  and  the  base 
were  nixed.  The  reacting  solution  was  then  transferred  to  a capa- 
citance cell  which  v:as  stoppered  ;/i.th  a cork  covered  v;ith  aluminum 
foil,  and  v.'hich  r^as  placed  in  the  cell-holder  located  in  the  air 
bath.  Headings  v.’ere  taken  at  15-3ocond  intervals  until  the  reaction 
was  complete;  the  first  reading  was  usually  taken  within  30  seconds 
of  mixing  the  reactants.  For  reactions  v.’hich  reached  equilibrium 
slov/ly,  readings  were  taken  for  the  first  ten  minutes  and  then  the 
solution  was  returned  to  the  constant  temperature  bath  where  it  was 
allowed  to  remain  for  several  houi's  until  equilibrium  was  reached. 

The  ccuilibri’am  reading  was  then  recorded. 

DISCUSSION 

Basis  for  the  Calculations.  If  a large  excess  is  taken  of  one 
of  the  reactants,  c.g.,  the  nitro  compound,  so  that  its  concentration 
remains  essentially  constant,  then  the  reaction  vihich  occurs  can  be 
considered  as  pseudo  first  order  (see  Equation  (1)  ),  and  the  fol- 
lov/ing  fatiiliar  expression  applies: 

^ - k*  (a  - x)  (2) 

whore  (a  - x)  is  the  concentration  of  the  reacting  species  present 


in  smaller  a-aount  (ori^^inal  ccncontmtion  = a)  rt  any  tine  t,  and 
k»  is  the  psGudo  first  order  reaction  rate  constant. 

Integrating  equation  (2)  results  in 

la  (a  - x)  « k*  t ♦ C (3) 

If 

(a  - X)  - K (C^-  C^)  (4) 

v/here  K is  a proportionality  constant,  is  the  instrument  response 

to  the  conductance  at  any  tine,  t,  and  is  the  instrvuaent  response 

to  the  condxictanco  at  infinite  tine,  then 

Ct  - K*  K'’  [RIIOgD^  (5a) 

and 

- K»  [OH’J^  + K"  iRNO^i  ^ (5b) 

where  and  [Rn02‘]t  are  the  concentrations  of  hydroxide  ion  and 

of  nitroparaffin  anion  at  time  t;  K’  and  K”  are  proportionality 
constants  such  that  the  instrument  responses  due  to  the  conductances 
of  hydroxide  ion  and  nitroparaffin  are  K»  [OhT  and  K"  DlNO,*] 

^ t 

respectively;  etc.  Therefore, 

- [OH"]^  ) + K"  ( OlNOg-J^  - ^ 

Since 

[RKOglj.  - a - (7) 

vfhere  "a**  is  the  initial  I0H*1  , equation  (6)  can  be  changed  to 

Equation  (8)  indicates  that  if  the  assumptions  made  are  valid, 

(C^  " is  a function  only  of  the  concentrations  of  the  hydroxide 

ion  at  time  t and  at  infinite  time.  If  v/e  work  in  the  range  where 

the  instrument  response  is  a linear  function  of  the  concentration, 

then  (C..  • C ) is  linearly  related  to  the  change  in  concentration 
t a 

of  the  hydroxide  ion  at  those  respective  timesi 


From  equations  (3)  and  (/>},  It  follov/s  that 


In  K (C^  - C^)  - -k»  t ♦ C (9) 

and 

log  (C^  - C^)  - - (k»/2.3)t  + C»  (10) 

Consequently,  a plot  of  log  (C^  - C^)  against  t should  give  a 
straight  line  vrhosc  slope  is  equal  to  • k*/2o3«  If  k*/2o3  is 
multiplied  by  {2.3/concentration  of  the  substance  in  excess),  the 
second  order  reaction  rate  constant  can  be  obtained, 

Tho  general  derivation  of  equations  for  the  correlation  of 
physical  propert-ieo  v.'ith  concentration,  of  which  the  foregoing  is 
a specific  example,  is  considered  by  Frost  and  Pearson  (it). 

Treatment  of  Data.  Data  for  a typical  run  are  given  in  Table 
II.  When  (C^  “ plotted  on  the  logarithmic  ordinate  of  a 

semilog  graph  against  timo,  a curve  of  the  type  shown  in  Figure  2 
is  obtained.  The  slope  of  this  line,  -0,933 » can  be  used  to  cal- 
culate the  pseudo  first  order  reaction  ate  constant  by  equation 
(10) « 

-0.933  min*^  - - k»  /2,3  (11) 


The  half-life  can  then  be  obtained  from  the  expression  for  a first 
order  reaction 


In  2 


(12) 


as  0.323  rain.  The  second  order  reaction  rate  constant,  k,  is 
related  to  the  pseudo  first  order  constant  by 


k*  - k ( conen.  of  species  in  excess)  (13) 


The  species  in  excess  in  this  case  is  the  nltroethane;  hence, 

k •*  2,303  X 2^0^  ^ 0<00919jr  ” min*^ 


(U) 


Kinetic  Data,  A sor.r’.ary  of  the  data  for  the  six  nitroparaffins 
studied,  including  pseudo  first  order  rate  constants,  calculated 
second  order  rate  constants,  and  half-lives,  is  given  in  Table  III. 

The  average  deviations  of  the  neans  of  the  second  order  rate  con- 
stants range  from  0.6  to  with  only  one  average  deviation 

exceeding  2*l,j, 

Effect  of  Possible  Reverse  Reaction.  The  present  mathenEiticel 
treatment  v/hich  is  essentially  based  on  a simple  first  order  reac- 
tion and  docs  not  make  explicit  allc\ir£nce  for  the  effect  of  opposing 
reactions,  is  strictly  valid  only  for  reactions  ’,/here  the  equili- 
brium point  of  the  reaction  of  equation  (1)  lies  so  far  to  the  right 
that  scconiary  effects  become  negligible.  V/ith  this  in  mind,  the 
slopes  of  the  carves  have  been  calculated  from  the  initial  values 
so  as  to  overcome  as  much  as  possible  the  influence  of  the  reverse 
reaction. 

Hov;ever,  it  is  \;ell  kr4wn  (p.  173  of  reference  4)  that  when 
the  equilibrium  concentration  is  explicitly  introduced  in  the  cal- 
culations, a first  order  expression  is  observed  for  a reversible 
reaction  with  the  effective  rate  constant  being  the  sum  of  the 
constsnts  for  the  forv^ard  and  reverse  directions. 

It  is  possible  to  estimate,  at  least  qualitatively,  the  effect 
of  the  reverse  reaction  on  the  specific  reactions  studied. 

Killer,  Arnold  and  Astle  {6},  using  polarographic  measurements, 
found  the  ratios  of  the  nitro  to  the  aci  forms  at  equilibrium  at 
pH  to  be  0.71,  0.20,  0.42,  and  0.73  for  nitromethane,  nltroethane, 
1-nitropropane  and  2-nitropropane,  respectively.  At  this  pH,  our 
reactions  should  theoretically  have  gone  to  completion.  In 


the  present  csilci.ilat'.ons  on  nitroncthano , v/hcre  the  half-life  is  of 
the  order  of  20  seconds  and  the  cqui7.ibr5.ura  point  is  apparently  \in» 
favorable,  it  is  possible  that  the  reverse  reaction  played  an  impor- 
tant part.  The  iinfavorable  influence  of  reverse  reactions  on  the 
rates  of  nitroethane  and  1-nitrc propane,  which  are  almost  as  rapid 
as  the  nitromethane,  is  off-set,  at  least  in  part,  by  their  more 
favorable  ".qui.librl^m  points.  Because  of  the  lack  of  data,  vre  can 
only  surmise  that  the  same  holds  true  for  the  1-nit robutane  as  for 
the  nitroethane  and  the  1-nit ropropane.  The  coubcquonces  of  the  un- 
favorable equilibrioira  point  of  2-nitropropane  arc  considerably  re- 
duced by  the  fact  that  the  calculations  are  based  upon  the  first  2 
to  3 minutes  of  the  reaction;  the  lialf-life  of  this  process  is  about 
4.5  minutes,  and,  hence,  secondary  effects  arc  probably  small.  Even 
thouch  no  data  arc  available  on  the  equilibrium  point  of  2-nit robutane, 
the  same  areutrent  probably  holds  since  the  half-life  of  this  reaction 
is  approximately  8.5  minutes,  and  once  a^ain  the  calculations  x-rere 
based  on  the  first  2 to  3 minutes  of  the  reaction.  The  values 
for  the  equilibrium  ratios  of  nitro  to  aci  forms  given  by  Hiller, 
Arnold  and  /.stlc  may  be  higher  than  they  should  be^;  if  this  v/ere 
so,  the  effects  of  the  reverse  reactions  v;ould  be  even  less  than 
discussed  in  this  paragraph. 

^herc  is  a possible  source  of  error  in  the  polarographic  mea- 
surements on  the  nitropiu*affin-aci  form  equilibrium  due  to  the  re- 
generation of  the  normal  form  from  the  aci  form  at  the  electrode- 
solution interface  during  the  life-time  of  the  mercury  drop  as  the 
normal  form  Is  removed  by  reduction.  This  effect  has  been  obaei*ved 
with  other  acid-anion  systems,  e.g. , Brdicka  and  Wiesner,  Collection 
Czechoslov.  Chem.  Coi.;:auns..  1.2,  138  (1947)  • 


/ 


E valuat ion  of  the  .wcsulta « Qualitatively,  the  results  are  in 
agreement  vd.th  those  of  ililler,  /irnold  emd  Astle  (^) , for  the  four 
compounds  v/hich  they  studied.  The  other  two  compounds  studied  in 
the  present  investigation  seem  to  foil  into  their  logical  places; 
the  rates  decrease  in  the  follov/ing  order;  nitromethane;  nitroethaiie, 
1-nitro propane,  l~nitrobutane,  2-nitropropane  and  2-nitrobutaneo 

Since  I'iller,  Arnold  and  Astle  carried  out  their  reactions  at 
considerably  higher  ionic  strength  and  in  buffered  solution  at  con- 
stant pH,  it  is  not  surprising  that  the  present  data  does  not  agree 
quantitatively  with  theirs,  For  example,  at  25*C.,  for  2-nitropro- 
pane,  1-nit ro pr opanc , nitroethane  and  nitrometliane , they  find  for 
the  pseudo  first  order  rate  constants,  taking  that  of  2-nitropropane 
(0,0031  min,“^)  as  unity,  the  ratio  of  1.00;  1*73:  2.72:  2,22  in  a 
buffered  solution  of  pll  3.9  as  compared  to  a ratio  of  1.00:  10,5: 

12, 7j  14«7  found  in  the  present  study  (extension  of  the  latter  ratio 
to  the  1-nitrobutane  and  2-nitrobutane  measured  in  the  present  study 
is  10,2:  0,433;  for  2-nitropropane  ■ 0.0295  rain,"’^).  Duplication 
of  their  vwrk  was  not  feasible  since  the  high  ionic  strength  re- 
quired for  the  maintenance  of  a buffered  solution  was  not  permissible 
\ifith  our  measuring  device.  Attempts  to  run  the  reactions  at  lower 
concentrations  but  within  the  boundaries  imposed  by  the  conductivity 
of  the  solution,  were  not  successful;  the  rates  v;ere  so  slow  that 
their  determination  was  not  practical, 

A more  pertinent  comparison  for  the  present  results  would  be 
ifith  those  of  Maron  and  Laller  (^) , who  also  v;orked  in  \inbuffered 
solution.  Their  ratio  of  the  second  order  rate  constants  for  2- 
nitropropane,  nitroetheaie  and  nitromethane  at  0*0.  is  1,0:  13: 

114  as  compared  to  the  ratio  found  in  the  present  study  at  25*C, 


of  1.0:  14:  63*  Ilaron  and  Lal!er  give  values  of  the  second  order 
rate  constant  at  0*  and  5*  foi-  2-nitro propane  and  nitroethane; 
calculation  of  the  rate  constants  at  25®  by  the  Arrhenius  equation 
gives  values  of  19«4  and  253 • In  viev;  of  the  uncertainty  in  the 
activation  energy  value  based  on  a difference  of  5“»  these  values 
are  in  good  accord  v.'ith  those  found  at  25"  in  the  present  study, 
i.e.,  16.4  and  236. 

The  precision  of  the  results  obtained  in  the  present  study 
indicate  that  the  Sargent  hodel  V Oscillometer  can  be  used  advan- 
tageously for  studying  the  kinetics  of  moderately  rapid  reactions 
in  solutiors  of  lov;  ionic  strength  that  are  not  hindered  by  un- 
favorable equilibria. 

In  futttre  vjork,  it  would  be  desirable  to  attempt  to  apply  the 
Oscillometer  to  (a)  a nonaqueous  system  v/here  capacitance  changes 
rather  than  conductance  changes  ^-lere  being  measured,  and  (b)  a 
sufficiently  rapid  reaction  that  the  data  would  have  to  be  recorded 
on  a recording  potentiometer  or  an  oscillograph. 
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Table  I»  Purity  of  the  llitro paraffins  Used  As 
Determinod  by  Mass  Spectrometry^ 

Impurities  present , mole-^^ 


Compound 

CH3NO2 

G2HrN02 

1-G3f!.^! 

IO2  2-C3HyJI02 

1-Cj^H9N02 

CH^N02 

100.0 

0.00 

-0.05  

0, 

>00 

C2H5NO2 

0.04 

99.7 

0.24  . . • s « . 

0. 

,01 

l-CjHyN02 

0.01 

0.01 

99.96 

0.00 

0, 

,00 

2-C^H^N02 

0.00 

-0.04 

0.00 

10c  oO 

0. 

,00 

l-C^H^i02 

0.00 

OoOO 

0.).6  .....o 

100.00 

- 

2«^^H^N02 

0.00 

-0.21 

•“OoOi!*-  ft  • • # ft  f> 

«» 

lOOoO 

®Data  furnished  by  Dr.  Hiddick  of  the  Commercial  Solvents  Corp.,  vdio 
furnished  the  samples. 

^Negative  values  are  dua  to  the  fact  that  the  samples  are  purer  than 
the  standards  used  in  calibrating  the  mass  spectra. 
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Table  III- 

Rate  Data  for 

the  Conversion  of 

Mitroalkanes 

to  the  Acl 

Form 

{ 

^ Compo\ind 

and  concn. 

NaOH 

concn. 

k*/2.303 

^1/2 

Second  order  rate 
constant,  k 

1 

min.”^ 

min. 

1.  raole"^  min**^ 

nitromethane 

1 

/ 

i 2.a9 

0.514 

1.08 

0.279 

1032 

/ 

1.07 

0.281 

1020 

Av.  1026  ± 6 (0,65$) 

nitro ethane 

9.143 

0.919 

0.972 

0.310 

244 

0.910 

0.331 

229 

0.933 

0.323 

235 

Av.  236  ± 5 (2olfS) 

1-nit ropro pane 

0,769 

\ 

9-199 

0.99, 

0.391 

193 

t 

0.774 

0.389 

194 

0.767 

0,362 

197 

1 

i 

Av.  195  t 2 (1,055) 

2-nitropropane 

0.0638 

15.4 

i 

9.573 

0.99: 

4.72 

0.0656 

4.59 

15.8 

i 

1 { 

O.O667 

4o51 

16.0 

' 1 

0.0713 

4.22 

17.2 

1 1 

0.0727 

4.14 

17.5 

Av.  16.4  1 0.8  (4.955) 

t 

l-nitrobutane 

; 1 

9.105 

0,99: 

C.767 

0.382 

199 

0.726 

o.a5 

184 

0.757 

0.397 

191 

! 

0.763 

0.394 

193 

AV.  192  i 4 (2.1%) 

2-nitrobutane 

8,50 

8,75 

9.309 

■i 

0.99: 

0.0354 

0.0356 

8.50 

8.82 

1 

0.0347 

8.67 

8.58 

1 

0.0365 

8.24 

9.02 

1 

0.0352 

8.55 

8.71 

1 

! 

Av.  8.78  ± 0.12  (1.4^) 
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1 
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1 
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1 

' i J. 

J 1 
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NOTICE;  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBIUrY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNKHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS;  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATEN1*ED  INVENTION  THATTHAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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